Objective: The aims of this study were to validate BOD POD in a wide sample of healthy and independent Mexican elderly men and women subjects using the 4 compartment (4C) model as the reference method, and to evaluate the assumptions of the densitometric two-compartment (2C) model. Design: Cross-sectional study designed to assess body composition and validation of a method based on 2C model (BOD POD). Setting: Urban and rural regions of Sonora, Mexico. Subjects: Two hundred and two free-living subjects X60 years old were completed in this study. Methods: Body density and body fat were measured by the BOD POD, total body water by deuterium dilution and total body bone ash by dual energy X-ray absorptiometry. Body composition was determined using Baumgartner's equation. Results: Percent body fat by the 4C model was 31.2 and 42.5% in men and women, respectively (Po0.001). Group mean accuracy of body fat by BOD POD against that of the 4C model showed an effect of sex (Po0.001), but not the method (P ¼ 0.27). Results of individual accuracy showed no significant difference with the identity line and the slope was significantly different from zero or a slope similar to one. Precision assessed by model R 2 was high for all subjects and for men and women by separate. The standard error of the estimate was low for all and for men and women by separate. Bland and Altman analysis showed no significant bias. Conclusion: The BOD POD technique is a valid and reliable method compared to the 4C model and it could be applied in subjects with similar physical and anthropometric characteristics to subjects of this study.
Introduction
Nowadays, in many countries there is an increased number of people who reach the sixth decade of life. Older people are a vulnerable group to chronic diseases (i.e., type II diabetes) and some related risk factors, such as hypercholesterolemia, hypertension (Lowik et al., 1990; ENSA, 2002) , dyslipidemia (Yamwong et al., 2000) and impaired glucose tolerance (Brohall et al., 2006) , among others. Some of these metabolic disruptions are associated with body composition, particularly to increased total body fat and abdominal fat (Goodpaster et al., 2005) , which imply the need of comfortable, simple and accurate methods to estimate body composition in special groups such as the elderly. Also, fat-free mass (FFM) and fat mass values can be used to assess malnutrition of vulnerable group such as elderly (Kyle et al., 2001a b) .
During the last decades the classic two compartment (2C) model has been considered as a gold standard and has been used to evaluate body composition in different groups. Densitometric methods based on 2C model such as hydrodensitometry or air-displacement plethysmography (BOD POD) divide the body into two defined compartments, the fat mass and the FFM. The assumptions of densitometry are that densities of the fat mass and FFM are constant at 0.9007 g/cm 3 and 1.100, respectively (Brozek et al., 1963) .
It is now well recognized that sex, ethnicity and age have influence on bone mineralization and hydration status (Clasey et al., 1999) , therefore the assumptions of 2C model should not be applied indistinctly to children, adults or men and women elderly subjects. These considerations have been reported as the main limitations of 2C model to assess body fat in elderly subjects (Baumgartner et al., 1991; Goran et al., 1998; Withers et al., 1999; Bosy-Westphal et al., 2003) . Consequently, various investigators have recommended the use of multi-compartmental models to study body composition in elderly subjects (Heymsfield et al., 1989; Baumgartner et al., 1991) .
The four-compartment model (4C) reduces the biological variability of the FFM assumptions. Baumgartner et al. (1991) developed a 4C model by combining methods. The model includes the water and mineral fractions of the body as well as body density (D b ), and therefore it eliminates the assumptions made by 2C model, improving the accuracy of the body composition estimates. In spite of the fact that the 4C model provides accurate estimations of fat mass in several groups, including elderly population, it seems that some methods based on 2C model, particularly BOD POD are valid for the elderly population. For instance, Yee et al. (2001) reported no significant differences between percentage fat mass determined by BOD POD and the 4C model in healthy and independent American elderly men and women aged 70-79 years. On the contrary, Bosy-Westphal et al. (2003) in a study in German healthy elderly subjects reported a systematic bias between results from BOD POD and the 4C model. The differences or bias were associated to the fixed density of FFM assumed by the densitometry method or BOD POD. The researchers suggested a correction factor for total body water (TBW) in order to improve the accuracy of BOD POD measurements in the elderly.
These last two studies were carried out in Caucasian elderly subjects, using different methodologies. The lack of consistency in the results of the validation studies in elderly population using BOD POD and ethnical differences in body composition as well (Deurenberg and Deurenberg-Yap, 2003) warrant additional validation studies. Furthermore, the 4C model requires three independent variables: D b , generally measured by underwater weighing or BOD POD; mineral fraction, measured by dual energy X-ray absorptiometry (DXA); and the aqueous fraction, measured by isotopic dilution. The simultaneous application of these procedures could be a disadvantage in developing countries with limited infrastructure. Therefore, the aims of this study were to validate BOD POD in a wide sample of healthy and independent Mexican elderly men and women subjects using the 4C model as the reference method, and to evaluate the assumptions of the densitometric 2C model.
Subjects and methods
Two hundred and two apparently healthy and independent elderly subjects aged 60-89 years were completed in this study. They were from city of Hermosillo and some rural areas of Sonora, México. Volunteers were recruited by visiting homes and clubs, after a short interview including questions related with exclusion criteria and it was applied by trained personnel. Clinical examination at the facility confirmed no evidence of cardiovascular, kidney, liver, thyroid, type II diabetes diseases, edema and recent acute illness. Also, all of them were physically independent as evaluated by the daily activity scale of Katz et al. (1970) and were not taking diuretic medications. As part of medical examination, hematocrit and serum osmolality were assessed. According to results none of the subjects presented clinical or laboratory evidence of dehydration. All measurements of body composition components were carried out under fasting conditions, began in the morning and lasted approximately 5 h. All subjects were informed of the study and signed the appropriate consent form. The research protocol was approved by the Ethical Committee of CIAD, A.C.
Subjects in a tight bathing suit were weighed by means of an electronic scale of 15070.01 kg capacity, connected to the air displacement plethysmography (BOD-POD Body Composition System, Life Measurement Instruments, Concord, CA, USA). Standing height was measured using a Holtain stadiometer (Holtain Ltd., Dyfed, UK). Body mass index (BMI) was calculated in kg/m 2 . Waist and hip circumferences were measured using a fiber glass measuring tape (Lafayette Instruments Company Inc., Lafayette, IN, USA). Waist/hip ratio (WHR) was determined from these measurements. One simple measurement was carried out for anthropometric variables by standardized nutritionist.
Body composition by the 4C model requires three independent measurements. In this study D b was measured by BOD POD, mineral fraction by DXA, and TBW by isotopic dilution.
Body density and percentage body fat were measured by the BOD POD. The system has been described previously in detail (Dempster and Aitkens, 1995) . Subjects wore a bathing suit and a swim cap. While the subjects were sitting quietly, body volume was assessed. Two repeated body volume measurements were performed. If both volumes were within 150 ml, then the two trials were averaged. In some cases, a third trial was performed and the two volumes that were the closest were averaged. After this trial, thoracic gas volume (TGV) was also measured. For this trial, subjects breathed through a disposable tube and filter that was connected to
Validation of BOD POD in elderly subjects H Alemán-Mateo et al the reference chamber in the rear of the BOD POD device. After four or five normal breaths, the airway was occluded during middle exhalation and the subject puffed gently. In this study, the four criteria proposed by Fields et al. (2001) were followed to consider successfully measurements of TGV.
Corrected body volume was obtained automatically by the software, after considering the raw body volume, the surface area artifact and TGV. Then, body density was calculated using both the corrected body volume and body mass. Finally, Siri's equation was used to determine percentage body fat from D b (Siri, 1961) . Thoracic gas volume was measured in 170/202 subjects, however, it was estimated by the BOD POD software in all of them. Before each measurement, BOD POD was calibrated according to supplier recommendations. The test reliability of body fat in elderly subjects using BOD POD in this research center was previously reported (Aleman-Mateo et al., 2004) .
TBW was determined by the dilution technique using the plateau method (Schoeller et al., 1985) . A weighed single dose of 3.0 g of deuterium oxide (99.8 atom percent, Icon Stable Isotopes, Morion, NY, USA) was administered orally to subjects. The dose flask was rinsed with 30 ml of water and this was given to the subjects. All water ingested during the equilibration period was subtracted from TBW. Previous to the dosage, a saliva sample was taken to measure the basal enrichment of deuterium in body water. After a 4 h period, another saliva sample was collected. Saliva samples were collected using a cotton swab placed under the tongue, and then placed in plastic vials with double seal. Samples were stored at À201C until the analysis of samples by isotope-ratio mass-spectrometry was carried out. Previous to deuterium measurements, the samples were defrosted at room temperature and centrifuged to 800 g during 10 min.
The deuterium enrichment of the samples was measured by chromium reduction of water into hydrogen gas at 8501C using a H/Device system, coupled on line to a isotope-ratio mass spectrometer (DELTA PLUS, Thermo Finnigan, Bremen, Germany), at the Nutrition Research Unit, Centro Medico Nacional, Siglo XX, IMSS, City of Mexico. To avoid the memory effect, each sample was measured five times and only the last three measurements were taken into account for calculations. The samples were measured using V-SMOW and SLAP as standards (International Atomic Energy Agency, Vienna, Austria). The precision was 0.16-0.32 ppm. Finally, TBW was calculated from the dilution space of the deuterium oxide dose from the change in the deuterium concentration from the basal to the post-dose sample and corrected, considering a 4% for deuterium exchange with non-aqueous compartment in the body (Forbes, 1987) .
Total body bone ash was measured by Lunar DPX-MD þ densitometer (Lunar Radiation Corp., Madison, WI, USA). Subjects lay in supine position with arms at their sides and joined legs during the 15-30 min scan. This procedure was performed by a licensed radiological technician. All scans were analyzed using the software Lunar Version 5.00. Total body mineral mass (TBMM) was obtained by multiplying the total body bone ash by 1.279 (Baumgartner et al., 1991) . The densitometer was calibrated following the recommendation of manufacturer.
Estimation of percentage body fat by the four-compartment model was obtained by Baumgartner's Equation (1991) Calculation of density and hydration of FFM The density of FFM (D ffm ) was calculated following the Baumgartner's procedures (1991) , and the water fraction of the FFM (F water ) was calculated from the relationship TBW/FFM (FFM ¼ body weightÀfat mass determined by the 4C-model) (Goran et al., 1998) .
Data were analyzed using the statistical program NCSS 2001 (Number Cruncher Statistical System for Windows, Kaysville, UT, USA). A two independent sample t-test was used to test mean differences by sex. A paired t-test was used to test mean differences between body fat, calculated using body volume corrected by TGV measured and predicted. Group mean accuracy of the BOD POD based on 2C model was tested by two-way analysis of variance. Sex and measurement method variables were used as main grouping variables. The sex by method interaction term was used to test if the differences between methods were specific to men or women as a group. The individual accuracy of the independent method was tested by simple linear regression procedures using the intercept and slope values. Precision was assessed by the model R 2 and the s.e.e. from the same regression procedures. Individual bias was examined using the analysis by Bland and Altman, (1986) and simple linear regression analysis. The nominal level of statistical significance used was Po0.05.
Results
The average age of the volunteers was 69.076.4 years (range 60-89 years). Men and women were similar in age, but significantly different in weight, height, BMI and waist/hip ratio. Men were significantly heavier, taller and had higher FFM and lower fat mass than women. Both men and women had abdominal fat accumulation as indicated by a high waist/hip ratio (WHR41 in men and 40.85 in women) ( Table 1) . According to statistical analysis results, there were no significant differences between men and women in water fraction of the FFM or hydration factor. The F water was slightly higher than the accepted standard of 0.732 in both Validation of BOD POD in elderly subjects H Alemán-Mateo et al men and women of this study (Table 1) , but not significant. Body density calculated with the corrected body volume by TGV measured and predicted, was obtained in 176 subjects. In 26 subjects, a valid measure of thoracic gas volume could not be obtained after three trials. For these subjects the TGV was predicted by the BOD POD software and used to estimate their body volume, then body density and finally, percentage body fat. Body density calculated with corrected body volume by TGV measured and predicted in 176 subjects were not significantly different (mean difference of 0.0016 g/cm 3 ; P ¼ 0.59). In terms of percentage body fat, the same results were observed (mean difference of À0.0040%; P ¼ 0.78). Two-way analysis of variance of body fat determined by the BOD POD as independent method against 4C model, showed that the effect of sex was significant (Po0.001), but not the method (P ¼ 0.27). Also, there was no method by sex interaction (P ¼ 0.92). This means that women of this study had almost 6.0 kg of fat mass more than men subjects and that the groups mean estimate of body fat was not influenced by the BOD POD technique based on 2C model (Table 2) .
Individual accuracy of the BOD POD as an independent method by regression procedures showed that the BOD POD was accurate in all subjects and separately for men and women. There was no significant deviation from the line of identity (P40.05) and the slope was significantly different from zero (Po0.05) or a slope similar to one (Figure 1) . Precision assessed by R 2 in the linear regression was high for all subjects (BOD POD explained 93% of the variance of the 4C model) and separately for men and women (BOD POD explained 88 and 95% of the variance of the reference method). Women as a group had the highest values of R 2 , with a s.e.e. of 2.0 kg of body fat (Table 3 ). According to Bland and Altman analysis, and simple linear regression analysis, the BOD POD method did not show a significant bias considering all subjects, and separately by sex (Table 4 ; Figure 2 ).
Discussion
To our knowledge this is the first study to examine the validity of BOD POD in a wide sample of non-Caucasian Validation of BOD POD in elderly subjects H Alemán-Mateo et al elderly subjects, and this can be relevant because there are seven institutions in Mexico that have an air-displacement plethysmography system. Furthermore, it is common to see published information related with body composition in children, adults and the elderly around the world using the BOD POD technique. It is important to recognize that the BOD POD is a valid and reliable method owing to the small mean differences between techniques such as DXA, deuterium oxide dilution and 4C model for middle-aged to elderly subjects (Fields and Hunter, 2004) . In reality, the test procedure using the BOD POD is relatively easy and quick to perform and these are the main advantages of the BOD POD, particularly for vulnerable groups such as elderly population. However, there is little evidence about its accuracy, precision and bias-free characteristics when compared with the multicompartment models, particularly the 4C model in nonCaucasian older people. This study included 202 healthy subjects without any medical condition or medication that affected their body composition. In spite of the fact that the study was carried out in the spring and summer seasons of 2004, subjects showed a good hydration status as assessed by hematocrit and serum osmolality. As expected, results of body composition by 4C model showed that women had higher values of body fat than men (42.5 vs 31.2%). These values are slightly higher to those reported by Goran et al. (1998); Clasey et al. (1999) ; Yee et al. (2001); Bosy-Westphal et al. (2003) at similar BMI levels (Clasey et al., 1999; Yee et al., 2001) . This could be due to ethnic and environmental differences. The Mexican elderly subjects in this study had a high waist/hip ratio. It seems that the Mexican elderly are smaller and fatter than Caucasian elderly. Furthermore, similar comparisons have been made between Asians and Caucasians subjects, where Asians have been shown to have higher percent body fat than Caucasians at the same BMI level (Deurenberg et al., 2002) . Additionally, we cannot disregard the relevance of environmental factor in the relationship of body fat and BMI as has been shown by Luke et al. (1997) . Unfortunately, Clasey et al. (1999) , and Yee et al. (2001) did not report waist/ hip ratio values to compare the fat distribution.
In relation to body composition variables and it's relevance for the 2C model for the elderly population, we found a F water of 0.749 and 0.754 for men and women, respectively. These values are slightly higher than the assumed value by TBW method of 0.732 (Pace and Rathburn, 1945) . The values obtained from the relationships between TBW and FFM (determined by 4C model) are closer to those reported by Baumgartner et al. (1991) (0.743 and 0.744, for men and women, respectively) . In this study, we also did not find an effect of sex in the hydration of FFM. It has been suggested that using a high value of F water instead of 0.732 might improve the accuracy of body fat estimates from the TBW method in healthy elderly subjects (Goran et al., 1998) .
The main question of this study was, if the BOD POD technique based on 2C model was an appropriate method to determine body composition in non-Caucasian elderly. Results showed that the BOD POD was accurate and precise and free of bias to estimate body fat in Mexican elderly subjects as a group and separately by sex. Some researchers have found that the deviation from the assumptions of the 2C model is the main constraint in the estimation of body fat in elderly subjects. To test why the BOD POD was accurate and precise and free of bias in men and women of this study, FFM density was calculated using the same procedure reported by Baumgartner et al. (1991) . FFM density for men and women together was of 1.1070.012 g/cm 3 , which is similar to that reported by Siri (1961) and Brozek et al. Validation of BOD POD in elderly subjects H Alemán-Mateo et al (1963) . We did not find significant differences due to sex, the values of calculated FFM density between men and women were similar. The validation of the BOD POD to estimate body fat supports the results reported by Yee et al. (2001) , but our results for density of FFM were different from that reported by Bosy-Westphal et al. (2003) . These researchers reported a systematic bias between the results from BOD POD and 4C model. The differences were explained due to deviation from fixed density of FFM value, and the deviation of the assumed or fixed value of FFM density was due to the water content. In this study, TBW was measured by isotope dilution using deuterium and maybe this is one of main differences between this study and that published by Bosy-Westphal et al. (2003) . Furthermore, they included only 26 healthy elderly subjects and this study included 202 well-hydrated healthy elderly subjects.
In conclusion the BOD POD technique is a valid and reliable method for the estimation of body fat compartment compared to 4C model in men and women separately and as a group. Therefore, the BOD POD system could be applied in subjects with similar physical and anthropometric characteristics to the subjects in this study. Assumptions assumed by the two-compartment model were valid for this sample of healthy, well-hydrated and free-living elderly subjects from Northwest Mexico. Nevertheless, due to the wide ethnicity and different life styles in Mexico and other Latin-American countries, these results should be seen with caution when trying to apply to elderly subjects from other regions of Latin-America where proper validation should be preferred.
